Abstract
Introduction
The concepts of fractional geometry, fractional dimensions are important branches of science to study the irregularity of a function, graph or signals [1] - [3] . On the other hand fractional calculus is another developing mathematical tool to study the continuous but non-differentiable functions (signals) where the conventional calculus fails [4] - [11] . Many authors are trying to relate the fractional derivative and fractional dimension [1] [12]- [15] . The functions which are continuous but non-differentiable in integer order calculus can be characterized in terms of fractional calculus and especially through Holder exponent [10] [16] . To study the no-where differentiable functions authors in [12] - [16] used different types of fractional derivatives. Jumarie [17] defined the fractional trigonometric functions in terms of Mittag-Leffler function and established different useful fractional trigonometric formulas. The fractional order derivatives of those functions were established in-terms of the Jumarie [17] [18] modified fractional order derivatives. In this paper we have defined the fractional order Weierstrass functions in terms of the fractional order sine function. The Hölder exponent and box-dimension (fractional dimension) of graph of this function have been obtained here. The fractional order derivative of this function has also established here. This is a new development in generalizing the classical Weierstrass function by usage of fractional trigonometric functions including the study of its character. The paper is organized as: Section 2 deals with description of Jumarie fractional derivative, Mittag-Leffler function of one and two parameter types; fractional trigonometric function of one and two parameter types and derivation of Jumarie fractional derivatives of those functions. In this section we also have derived some useful relations of fractional trigonometric functions which shall be used for our further calculations-in characterizing fractional Weierstrass function. We have continued this section by introducing Lipschitz Hölder exponent (LHE)-its definition, its relation to Hurst exponent and fractional dimension and also definition of Hölder continuity. The classical Weierstrass function has also been defined here. These Lipschitz Hölder exponent, Hurst exponent, and fractional dimension are basic parameters to indicate roughness index of a function or a graph. In Section 3 we have described the fractional Weierstrass function by generalizing the classical Weierstrass function by use of fractional sine trigonometric function. Subsequently we apply derived identities of fractional trigonometric functions to evaluate the properties of this new fractional Weierstrass function. In Section 4 we have done derivation of properties of fractional derivatives of fractional Weierstrass function, and concluded the paper with conclusion and references.
Jumarie Fractional Order Derivative and Mittag-Leffler Function a) Fractional Order Derivative of Jumarie Type
Jumarie [17] defined the fractional order derivative by modifying the Left Riemann-Liouvellie (RL) fractional derivative in the following form for the function ( ) f x in the interval a to x, with
In the above definition, the first expression is just the Riemann-Liouvelli fractional integration; the second line is Riemann-Liouvelli fractional derivative of order 0 
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The Mittag-Leffler function [19] - [22] of one parameter is denoted by
This function plays a crucial role in classical calculus for 1 α = , for 1 α = it becomes the exponential function, that is
We now consider the Mittag-Leffler function in the following form in infinite series representation for
Then taking Jumarie fractional derivative of order 0 1 α < < term by term for the above series we obtain the following by using the formula
Like the exponential function;
( ) 
we imply that the solution of
can write the following identity 
Comparing real and imaginary part in above derived relation we get the following This is very useful relation as in conjugation with classical trigonometric functions, and we will be using these relations in our analysis of fractional Weierstrass function and its fractional derivative.
2) Two Parameter Mittag-Leffler Function
The other important function is the two parameter Mittag-Leffler function denoted by
and defined by,
The functions (2) and (6) play important role in fractional calculus, also we note that
Again from Jumarie definition of fractional derivative we have U. Ghosh et al.
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( )
0 0 The series representation of 
The series presentation of ( ) ( ) 
, 0 ( ) ( ) ( ) ( ( ) ( ) ( ) ( ) ( 
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On the other hand the Jumarie type fractional order derivative of ( ) cos ax is following, as we did for ( ) ( ) ( ) ( ) ( 
Definition of Some Useful Roughness Indices a) Lipschitz Hölder Exponent (LHE)
A function is said to have LHE [1] α it satisfies the following condition 
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Again if H be the Hurst exponent then the relation between the above Holder exponents are
. The Holder and Hurst exponents are equivalent for uni-fractal graphs that has a constant fractional dimension in defined interval [1] [9].
The Fractional Weierstrass Function
In 1872 K. Weierstrass [23] - [25] another presentation of the Weierstrass function [13] can be obtained which is
In reference [13] Falconer established the fractional dimension of Weierstrass function defined in (11) 
Proof:
We calculate 
The Jumarie Fractional Derivative of Fractional Weierstrass Function
From the series expansion of ( ) 
Conclusion
The fractional Weierstrass function is a continuous function for all real values of the arguments, and its box dimension and Holder exponent are independent of fractional order that incorporates to the fractional Weierstrass functions. Again the Box dimension of fractional derivative of the fractional Weierstrass increases with increase of order of fractional derivative. This invariant nature of the roughness index of fractional Weierstrass function when generalized with fractional trigonometric function is remarkable. The other embodiment in similar lines as in this paper to get different fractional Weierstrass function is under development.
